Syntactic foams are one of the most widely used close cell structured foams. They are used in applications for naval, aeronautical, aerospace, civil, industrial, and automotive engineering due to good acoustical attenuation, excellent strength to weight ratio, vibration isolation, and dielectric properties. These foams are fabricated by incorporation of hollow particles in a matrix material. The most preferred matrix materials are polymers. In this study silicone resin (useful temperature range −53
Introduction
Many applications demand the use of light weight materials, but often at the cost of reduced strength. Foams can provide signicant weight saving structures but their applications are limited by their low strength and modulus. In recent years considerable eorts have been invested in developing methods of introducing porosity in materials without causing detrimental eects on the mechanical properties of material [1] . Syntactic foams are a class of porous materials in which manufactured by lling a polymeric matrix with hollow spheres called microspheres or microballoons. Syntactic foams are sometimes described as three-phase composites, considering interstitial voids within the matrix to be the third phase [2, 3] . Compared with standard foams (containing blown gas bubbles only), syntactic foams are often preferred in weight-sensitive applications, for which their enhanced mechanical properties and tailorability make them useful [4, 5] .
Several compositions of nano scale-reinforced syntactic foams are now developed for further enhancement in mechanical and thermal properties [6, 7] . As a class of advanced lightweight composites, syntactic foams have been widely employed in more and more engineering applications, e.g., marine equipment for deep sea operations [8] , aircraft components, spacecraft solid rocket booster nose cone lling, thermal insulation for deep sea pipelines [911] , core materials of sandwiches [12, 13] , * corresponding author; e-mail: myazici@uludag.edu.tr and structural components in the aerospace industry [14] . While a wide body of literature is now available on room--temperature mechanical properties of syntactic foams, relatively few eorts are found focused on thermal properties such as coecient of thermal expansion [15] , thermal conductivity [4, 16] and high temperature behavior [17] . In spite of the abundant literature regarding various thermoplastic and thermo set resin based syntactic foams, few studies consider silicone rubber based syntactic foams [18, 19] . According to the authors' investigations, there is no current literature about silicone based high temperature resistive syntactic foams.
In this study, novel high temperature resistive polymer based syntactic foams were developed. Compression properties of the foams are compared with respect to glass bubble percentage variation under high and room temperatures. (526) with glass bubbles. Glass bubbles (Fig. 1a) were obtained from 3M Company with the product codes: A16/ 500 and A20/1000. The properties of these bubbles are given in Table I . The glass bubbles are thermally stable up to the 600 • C, depending on temperature and duration of exposure. A syntactic foam was produced by mixing silicone rubber and glass bubbles by hand. After mixing for 20 min, the raw material was lled in a wax mold and compressed by hand. The specimen was designed to be cylindrical with a diameter of 25 mm and a height of 17 mm. High temperature heating of specimens were performed by applying a constant temperature of 500 ± 10
• C to one side of the specimen for a duration of one hour. During this time, the specimen's opposite surface was left exposed to ambient temperatures. Temperatures were recorded on both surfaces using thermocouples.
Density of the foams was obtained by using weight measurement with 0.0001 g sensitive weighing scale and volume calculations. Compression experiments were performed by using Instron 5585 universal testing machine with a 1 mm/min cross head speed. Experiments were performed at room temperature for specimens with and without heat treatment. The microstructures were investigated by using a SEM microscope.
Results and discussion
Syntactic foam densities decreased with the addition of glass bubbles in higher percentages. In syntactic foams containing 30% glass bubbles by weight, the density decreased 63% using A20/1000 glass bubbles (henceforth GB1000) and 68% using A16/500 glass bubbles (henceforth GB500). Room temperature quasi-static experiments were performed on the syntactic foams to ascertain the glass bubbles' weight percentage eect on compression strength and energy absorbing capabilities. The selected glass bubbles have a low failure compression strength, they collapsed during the syntactic foams' compression. Because of this, the foams' stress versus strain plots show more plateau regions, suggesting greater energy absorbing properties. The variations of the quasi-static compression behavior are given in Fig. 2 for GB500 and GB1000 syntactic foams. It is observed that in Fig. 2 the virgin silicone rubber behaves as a viscoelastic material and that the introduction of glass bubbles increases the plateau stress of the material. Figure 2a and b shows the results of compression tests between the two syntactic foams, GB500 and GB1000, with the dierent glass bubbles with their respective crush strengths: the A16/500 (3.44 MPa) and A20/1000 (6.90 MPa) glass bubbles.
The specimens that were heated (at constant 500
• C) were originally light blue in color. The color, originating from the heated surface, started to change white and after about 20 min, stabilized at less than 1/3 of the specimens section height (Fig. 1b) . During heating, the face expose to ambient temperature was measured, and a steady state surface temperature of 130
• C was obtained. When heated to 500
• C, the glass bubbles remain intact within the syntactic foam (Fig. 3a) . Because of maximum temperature sensitivity of the glass bubble is around 600
• C, any heating beyond this temperature, the glass bubbles would rupture (Fig. 3b) . For these purpose in this study, heating is limited to 500
• C. The white section is more brittle and heat resistive than the virgin syntactic foam. After heating, the foam developed into a two layered foam structure. The front layer (heat treated surface) is brittle and heat resistive (Fig. 1c) , while the back layer exhibits more elastic and plastic properties similar to the unheated syntactic foams (Fig. 1b) .
In Fig. 4 the high temperature heat treated specimens quasi-static compression results are given. It was ob- served that plateau stress and plateau region sizes are dependent on glass bubbles weight percentage. Figures 2 and 4 show that heating the specimens, from one face, does not aect the compression properties considerably of the developed syntactic foam.
Conclusions
In this study, high temperature resistive silicone based syntactic foams were developed. The eect of post high temperature heating on material properties were investigated using quasi-static compression tests. Results obtained can be summarized as follows: (1) a high temperature resistive layer forms when the silicone syntactic foam is subjected to heating on one surface, (2) foam is transformed to a two layer structure during high temperature heating (brittle and soft layers), (3) the foam shows very good heat resistivity with the brittle layer working as a heat barrier, (4) compression strength properties were not aected after heating processes, (5) the insulative properties of silicone rubber improved with higher weight percentages of glass bubbles, (6) the introduction of glass bubbles lowers the density of silicone rubber, (7) during compression tests, the plateau (crush) regions improved by introducing higher amounts of glass bubbles. This means that energy absorbing capability was increased.
